Abstract
exposure to classify each position as either buried or on the surface. We also ( Fig. 4A ). This result is expected, given that all four deep mutational scans were substitutions at interface positions, suggesting that they may not be ideal for interface We reasoned that the ideal substitution for detecting protein-ligand interfaces would 1 9 1 exhibit a large difference in mutational effect between interface and non-interface positions. To formalize this idea, we used a mutational effect threshold. If a substitution 1 9 3 at a particular position had a mutational effect below the threshold, we classified that 1 9 4 position as "interface." Conversely, if the mutational effect was above the threshold that 1 9 5 1 1 determined using the mutational effect threshold procedure. We then constructed 1 9 9 receiver operating characteristic (ROC) curves. The area under each ROC curve 2 0 0 revealed the ability of that substitution to discriminate between true interface and non-2 0 1 interface positions. Surprisingly, we found that alanine had among the worst 2 0 2 discriminatory power (Fig. 4B, Fig. S4 ). Substitutions that were highly disruptive at 2 0 3 interfaces, like asparagine, glutamine, aspartic acid and glutamic acid, had the best 2 0 4 discriminatory power. Next, we calculated the fraction of true interface positions detected by each amino acid substitution at a 5% false positive rate. Here, we found 2 0 6 that asparagine and glutamine substitutions revealed over 60% of the true interface 2 0 7 positions; aspartic acid and glutamic acid substitutions also performed well (Fig. S5 ).
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However, alanine substitutions detected fewer than 20% of the true interface positions 2 0 9 at a 5% false positive rate. Thus, asparagine, glutamine, aspartic acid or glutamic acid 2 1 0 substitutions are all better choices than alanine for detecting protein-ligand interfaces. Alanine scanning mutagenesis is a widely-used method for identifying protein positions have determined that alanine is not the most revealing substitution. In fact, many effect close to the median, and these substitutions correlate best with the effects of all 2 2 0 other substitutions. Thus, they better represent the effects of mutations generally. amino acid best suited for the goals of the experiment. We constructed empirical ROC curves to illustrate the power of each substitution to
discriminate between interface and non-interface positions, determined as described
above. First, we defined a discrimination threshold, such that positions with a mutational
effect score below the threshold were classified "interface" and positions with a 3 1 6 mutational effect score above the threshold were classified as "non-interface." For each
substitution, we varied this discrimination threshold from the maximum mutational effect effect thresholds. The area under each ROC curve was determined in R using the auc()
function in the pROC package (https://cran.r-project.org/web/packages/pROC/pROC.pdf). The data sets used in this study came from a variety of published works (see Table 1 ).
The curated data sets and code for generating figures can be found at: positions with a mutational effect below the threshold were classified as "interface,"
whereas positions with a mutational effect above the threshold were classified as "non- interface." ROC curves for each amino acid were generated by varying this threshold.
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The area under each ROC curve is shown, illustrating the power of each substitution to 3 9 3 discriminate between interface and non-interface positions. Biol. Chem. 270, 21619-21625 (1995) . to human lysozyme by cysteine scanning mutagenesis. Biochem. Biophys. Res.
Commun. 173, 1194-1199 (1990) . simplify semisynthesis. J. Biol. Chem. 271, 32008-32015 (1996) . Acad. Sci. 104, 18461-18466 (2007) . Biochemistry 34, 9166-9171 (1995). between each data set, we rescaled mutational effect scores for each protein by
subtracting the median mutational effect score of all synonymous mutations in that
protein from each nonsynonymous mutational effect score and then dividing that difference by the median of the bottom 1% of mutational effect scores (see Methods). amino acid substitution are shown. 
